Pig farming is the second most important branch of livestock production according to value of agricultural production, while pork meat is the most widely eaten meat in Serbia. As the one of the characteristics of pig market is cyclicality in the movement of production volumes and prices which can influence on the imbalance in supply and demand and in price fluctuations, the main aim of this paper was to analyse pork market in Serbia. Namely, in order to identify factors that influenced pork supply and demand, and to determine the presence of cyclical oscillations on pork market, pork market in Serbia was analyzed with supply and demand functions and with Cobweb model. The results indicated that factors which influenced on demand for pork were: personal consumption, retail price of pork and beef. On the other hand, on the supply side the most important factor was the price of pork. The results also indicated that in analyzed period in Serbia existed convergent type of Cobweb model.
Introduction
Pig farming is a significant branch of agriculture in Serbia. Namely, according to the share in the total value of agricultural production, pig farming is the second most important branch of livestock production in Serbia, after cattle breeding. Also, from the aspect of production and consumption, pork is the most important category of meat. In the period from 2004 to 2015, pork meat was the major type of meat accounting for 57.6% of total meat production. Also, pork meat is the most widely eaten meat in Serbia with an average annual consumption of 27.5 kg per capita followed by poultry (11 kg per capita per year) beef (8.2 kg per capita per year), sheep and goat meat (2.5 kg per http://ea.bg.ac.rs (FAOSTAT, 2017) . The actual consumption of pork in Serbia is probably higher. Namely, pig slaughtering in places other than slaughterhouses (for example, family farms) for own consumption is very widespread. Therefore, data on the number of slaughtered pigs, pork production and consumption are rather underestimated than real data (FAO, EBRD 2007; FAO, 2009 ).
Pig production in Serbia had a growing trend until the mid-1980s. After that the number of pigs was in constant decline (Popović, Knežević, Štavljanin, 2010) . In Serbia, there are about 3.5 million pigs and 355 thousand pig farms. Since 2000, the number of pigs in Serbia have decreased by 30%, while the number of sows has almost halved. In Serbia in the period from 2004 to 2015 the average rate of fall in the number of pigs was 1.2% per year. Also, in the same period the number of sows decreased at an average annual rate of 5.7%. The past period was very unfavourable for pig farmers. Namely, due to frequent cycles of the livestock market, pig farmers made significant losses (Jeremić, Zekić, Matkovski, 2015) .
One of the characteristics of pig market is cyclicality in the movement of production volumes and prices. Cyclical movements of production in the agricultural sector are manifested by the imbalance in supply and demand and in price fluctuations, which is the case with the pork market. Therefore, having in mind retrograde tendencies and cyclical movements in pork market the basic objective of the paper is to evaluate the functions of supply and demand of pork in order to identify the factors that in the previous period influenced the supply and demand for pork. On the other hand, the other goal was to determine the presence and type of cyclical movements on pork market in Serbia.
Materials and methods
A demand for a product represents the total amount of products that customers are willing to buy. Demand for pork fluctuates and depends on the many factors (Lâm et al., 2013) . Numerous factors (economic, health, cultural, religious, and the like) affect population demand for pork. However, only some of the factors are measurable. In this paper, only quantifiable factors were used and those factors are: price of pork, prices of other types of meat (substitute), data on personal consumption of the population and the number of inhabitants. According to Bielik and Šajbidrova (2009) the demand of population is the most important factor which influence on the amount of the production and on supply. Therefore, the assumption used to evaluate pork demand function is that the domestic population consumption of pork approximates the demand for it.
In this paper, the following demand elasticity coefficients were analyzed: the demand elasticity coefficient in relation to personal consumption (income elasticity of demand), the price elasticity of demand (direct and cross), and the elasticity coefficient of demand in relation to the change in the number of inhabitants.
The function of pork demand is assessed by the method of ordinary least squares in the logarithmic-linear form:
Economics of Agriculture, Year 65, No. 4, 2018, (pp. 1449-1460), Belgrade (1) where: D t -population demand for pork; P t -population number; Pc t -real personal consumption 4 , Ppm t -real retail pork price, Pbm t -real retail beef price; Pcm t -real retail price of chicken meat; α -constant, β 1 , β 2 , β 3 , β 4 , β 5 -parameters of the function, u t -stochastic variable. The parameters of the function also show certain elasticity coefficients. That is, the parameter next to the population β1 is the elasticity coefficient of demand in relation to the population. The parameter next to personal consumption, β2, represents the coefficient of demand elasticity in relation to personal consumption (income elasticity of demand). The parameter β3, is a direct price elasticity of demand. Parameters with retail prices of beef and chicken meat, β4 and β5, represent the coefficients of cross-elasticity of demand. More precisely, the parameters β4 and β5 show the cross-price elasticity of the demand of the substitutes.
The production and supply of agricultural products are determined by numerous economic and non-economic parameters, and the most important is the price of the product which affects the volume of production (Mičić et. al, 2017) . The first pork supply function which was evaluated had the following form (logarithmic-linear form):
where: S t -pork supply (kg) ; Ppm t-1 -real pork meat price wit one lag (rsd/kg); S t-1 -pork supply from the previous period; T -time; α -constant, β 1 , β 2 , β 3 -parameters of the function.
There are different approaches for analyzing cyclical movements in agricultural production. For the purposes of this paper, the Cobweb model was used. Stephane (2008) consider that Cobweb model assume that amount of product supply in current period depends on the price lever from the last period. According to Lovre (1997) , the Cobweb model is a simplified analysis of the cyclical movement in the market of a particular product, based on two variables: the relative price of the product and the amount of production. The simplest form of the Cobweb model consists of two functions, which are the function of supply and demand with the necessary condition for the equity of the quantity of demand with the quantity of supply:
where: D t -demand in time t; S t -supply in time t; Q t, -equilibrium quantity in time t; P t -price of product in time t; P t-1 -price of product in time t-1; α 0, α 1, β 0, β 1 -parameters of the function.
Flexibility of prices and quantity around the equilibrium and the character of oscillations depend on the relationship of parameters β 1 /α 1 . In linear supply and demand functions the estimated parameters are theoretically correct if β 1 >0 and α 1 <0. The absolute values of these parameters determine the fluctuations in prices and quantity around the equilibrium, and indicate whether these quantities will converge, diverge, or oscillate in the same direction.
The empirical research of the supply, demand functions and Cobweb model include the time period from 2004 to 2015, and the data are given on an annual basis. The time period covered by the analysis is determined by the availability of data. The price data are shown as real data 5 .
Results and discussions

Production and trade performances of pork meat in Serbia
The pork is major type of meat produced in Serbia (Figure 1. ). In the period from 2004 to 2015, average production of pork meat was 261 thousand tons, followed by beef, poultry and sheep meat with average production of 87, 82 and 24 thousand tons, receptively. According to Petrović et al. (2013) besides a number of important characteristics of pigs, one of them, which is different from other domestic animals is a considerable amount of meat that can be produced per sow per year (more than 2,000 kg of live weight of fatteners or over 1,600 kg of carcass sides or more than 800 kg of meat).
In the observed period, the total production of pork was growing at a very small average annual rate of 0.34%, and ranged from 240 to 290 thousand tons. The lowest pork meat production was recorded in 2004, when the production of pork reached the level of 242 thousand tons. On the other hand, the maximum production was realised in 2007 (287 tons), after which the pork production was constantly decreasing. According to Mijić, Zekić, Jakšić (2016) those tendencies are more or less in correlation with the movement of the number of livestock units. As the foreign trade flows of pork are concerned, in the analyzed period pork export increased and the largest share of pork export in total export was in 2014 (Figure 2. ). The value of export in 2014 in relation to 2004 rose nominally from USD 20.8 thousand to USD 58 million. This growth of pork export is the result of an increase in exports to the Russian Federation. In the same period the import of pork was also constantly increasing, and reached its maximum level in 2014. Until 2014, Serbia had negative pork meat foreign trade balance. Large amounts of a pork import had negative influence on domestic production and on pig farmers. In 2014, when Serbia exported a significant part of domestic production to Russia, in order to meet domestic demand, pork import increased. The most important import market in that year was Spain. Namely, compared to 2013 when the value of pork import was USD 18.1 million, in 2014 pork import from Spain increased to USD 30.2 million. Foreign trade liberalization influenced by free trade agreements with European Union, CEFTA countries and Russia had effects on foreign trade of Serbian products and its positions on foreign market. According to some previous researches which analyzed liberalization effects and level of comparative advantages in Serbia, results showed that meat and meat products had comparative advantages on international market, but with negative tendencies (Matkovski, Lovre, Zekić, 2017), while on market of Western Balkan countries, meat and meat products had comparative advantages in all countries, except Croatia (Birovljev, Matkovski, Ćetković, 2015) . Potential consequences of Serbian foreign integration in future will be international competition, while prices of pigs and pig meat will probably decrease more than cost of inputs. Answer to this situation will be necessity to reduce production costs (first of all cost of food and piglets) which can be achieved through technological improvement, lower variable and fixed costs (Petrović, 2005) . Additionally, increasing the competitiveness of Serbian livestock production can be achieved by creating the conditions for the market environment through investment, both in knowledge and in equipment. Therefore, structural and institutional measures, and measures of credit support should be the main instruments for achieving this goal (Petrović et al., 2013) .
Pork meat demand function analysis
Based on the empirical analysis of the pork demand function, it is possible to determine the direction and intensity of the relationship between the demand for pork and the factors that affect it. More precisely, the estimated elasticity coefficients indicate the implications of the basic laws in the population demand for pork, in the analyzed period. Source: The author's calculation
Based on the probability value (Table 1 .), it can be concluded that, in the observed period factors which affected on the pork demand were: personal consumption, retail prices of pork and beef. The parameters β 1 and β 5 are statistical insignificant.
Economics of Agriculture, Year 65, No. 4, 2018, (pp. 1449-1460), Belgrade
Another analyzed coefficient is the demand elasticity coefficient in relation to personal consumption that is the coefficient of income elasticity of demand. Its value is 0.37. As this coefficient has the corresponding sign and value significantly lower than 1, it can be concluded that the demand for pork is inelastic in relation to personal consumption. In other words, the income elasticity of demand for pork in Serbia is very low, which means that, in the analyzed period, the increase in personal consumption was faster than the demand for pork. The low elasticity of meat demand relative to personal consumption can be explained by the fact that the meat is the product belonging to the category of necessary products. In other words, pork consumption in Serbia has probably reached a high level of saturation.
Coefficient of direct price elasticity of demand is -0.19. As in the previous case, this coefficient has the expected sign, which is in line with the demand theory. However, given the very low value of this coefficient, it can be concluded that demand for pork is extremely inelastic. That means that the consumption of pork is relatively stable in terms of price change. According to theory, demand for certain products is more elastic in relation to price if there are a number of substitutes for that product. In Serbia, after consumption of pork, the highest are the consumption of chicken and beef meat. The consumption of other types of meat on an annual level (such as goat, sheep) is negligible. It can be concluded that another reason for low price elasticity of demand for pork is a small number of substitutes. In other words, eating habits of the population are the most important factor of a stable level of pork consumption.
The coefficient of cross-elasticity of demand for pork in relation to the price of beef is 0.44. The positive value of this coefficient implies that beef meat and pork are substitutes. However, its relatively low value indicates the relatively inelastic demand for pork in relation to the price of beef. In other words, the substitution of demand between pork and beef has no significant economic character, but consumer preferences dominate. That means, the prices of substitutes or other types of meat did not significantly affect the demand for pork.
Pork supply function analysis
As the estimation of the initial model obtained statistically insignificant results, several variants of model were evaluated in which certain independent variables were excluded in order to obtain a model that would be acceptable. Also, in different variants of pork supply function, independent variable price of pork meat included different length of time lag (Ppm t-1 , Ppm t-2 ). Selected pork supply function which had statistically the most significant indicators had the logarithmic-linear form:
where: S t -pork supply (kg); Ppm t-2 -real price of pork with two lags; T -time; α -constant, β 1 , β 2 -parameters of the function.
When evaluating the selected supply function, the method of the least ordinary squares is used. Source: The author's calculation
Coefficient of elasticity of pork supply in relation to price, i.e. the price elasticity of the supply (Table 2 .) is extremely low (0.126). Namely, the low price elasticity of pork supply can be explained by the fact that it takes a certain period of time to get pork meat as a final product from the fattening pigs. Therefore, the possibility of adjusting production volume to the current price changes is relatively limited. Also, another reason for the low price elasticity of the supply of pork is the difficult storage of products derived from livestock breeding. That is, slaughtering of pigs can be delayed only for several weeks due to the consequences it leaves on the quality of the produced meat. Therefore, the production of fatteners becomes unprofitable because a certain price is paid for each weight class. That means that the fattening pigs must be sold at a certain moment at a given market price and in the case of rising prices of pork, farmers are not able to influence the growth of supply through livestock stock.
Analysis of the market of the product with the cyclical movements
According to Matsumoto and Szidarvszky (2015) Cobweb explains why and how certain types of market give rise to fluctuations in prices in quantities, with its mainly focus on agricultural markets. Pork market is one of the best examples of such market. Namely, a specific fluctuation mechanism is one of the most important characteristic of the pork market. The length of the cycle can be divided into characteristic phases, which are repeated over time. The "cycle of pigs" is characterized by the following five phases: in the first stage, the supply of pork is below average, while the price is above the average, and there is no increase in the number of pigs. The second phase is characterized by an increase in supply and a fall in price towards equilibrium. As a result of the high price from the previous period the number of pigs is increasing. In the third stage, there is a rise in supply (due to the delivery of the above-mentioned surplus in the number of pigs from the second phase) and the price drops towards the equilibrium level. Also, as a result of falling prices from the previous phase, in the third phase of the cycle, the number of pigs is reduced. After that, in the fourth phase, the , Year 65, No. 4, 2018, (pp. 1449-1460) , Belgrade reduction in supply from the previous period decreases, and the price is rising again. In the fifth phase, which at the same time represents the beginning of the new cycle, the supply falls below the minimum, the price rises above the maximum, and the number of pigs grows to a normal level. In the case of a pig cycle, there is a reverse proportion of variation in the amount of supply and the relative price of pork. Also, the variations in the quantity of supply are far less than the variation in prices, which indicates of the relatively inelastic demand for pork.
Economics of Agriculture
In the case of the Cobweb model several variants of the model were also evaluated. Namely, the Cobweb model can be assessed for both the pork market and the market for fattening pigs, as was the case in this paper. Also, apart from the fact that the Cobweb model was evaluated for both (for pork and fattening pigs markets), the variants of the model were tested for the independent variable in the supply function, including the price of pork with one or two lags.
However, as the results of other models had statistically insignificant results, the model accepted in the work relates to the pork market, and the price of pork that is included as an independent variable in the supply function is included with two lags.
In this paper, the Cobweb model for pork meat has the following form:
The Cobweb model for the pork market in Serbia was calculated using the two stage least square method. Namely, due to the problem of identification of the Cobweb model, in case of empirical evaluation of the model it is necessary to simultaneously treat the supply and demand functions. More precisely, in order to obtain an impartial estimation of the model, the equations of the Cobweb model are evaluated at once using the two stage least square method. An impartial estimation of the model is achieved in such a way that the actual value of the quantity of demand in the inverse demand function is replaced by the estimated value of the quantity from the equation 7. The results of the evaluation of the supply function and inverse demand function estimates are shown in the following tables (Table 3 . and Table 4 .). Source: The author's calculation An increase in the quantity of products on the market in the inverse function of demand affects the reduction of the relative price in the same time period. Also, in an inverse demand function, the estimated parameter in the quantity has an appropriate negative sign, which means that the increase in pork production changes the relative price in the opposite direction. In the case of a demand function, the parameters (derived from inverse demand functions) also have a theoretically correct negative sign, which means that in the case of rising pork prices, the demand for the same will be reduced.
In the case of the pork market, this is an example of a Cobweb model with convergence oscillations, i.e. the oscillations are getting smaller, and since -1 0.1154 / -0.186≤0 the oscillations should be settled over time. Variations in the movement of pork meat supply are less than the relative price variation, and the relatively small change in the amount of production over proportionately influences the movement of the relative price of pork. More precisely, when the quantity of pork supply increases, the relative price is below the equilibrium, while in the next period the quantity of supply is small and the relative price, due to the excess demand, is growing above equilibrium.
Such a trend is characteristic for the market where demand is relatively inelastic, and small changes in the quantity of products cause above average changes in product prices, which has already been founded for the market for pork in Serbia.
However, although it is suitable for analyzing the existence of cyclical oscillations in the markets of certain agricultural products, the Cobweb model is considered insufficient to explain complex relationships in cyclical trends in the amount of production and relative prices. Namely, in the Cobweb model, the market for agricultural products is treated simpler, exclusively based on data on the relative price and quantity of production. However, other factors (such as trends in the input market, trends in exports and imports, etc) act on the market of certain products, which are not specially specified in the case of Cobweb model, but are incorporated into the model by variable time. Therefore, for the analysis of more complex relations, different more comprehensive models are being constructed that overcome the mentioned disadvantages.
Conclusions
Although very important branch of livestock production in Serbia, in the analysed period, pig farming has been recording retrograde production tendencies. The retrograde tendencies are reflected in the reduced number of pigs and sows, and in pork meat production stagnation. Likewise, import of pork notably increased, which had negative impact on pig farmers. As the pork market factors are concerned, in the analyzed period, the most important factor that influenced on pork supply was pork price. On the other hand the factors that influenced on pork demand were: personal consumption, retail price of pork and beef. At the same time, on the pork market existed convergent type of oscillations which indicate that a small change in pork production volume over proportionately change relative pork price.
Bearing in mind that in analyzed period pork meat import had a significant influence on the pork and pig market, future research could be focused on models that are appropriate to explain more complex market relations.
